Introduction
Irritation of sensitive facial tissues evokes trigeminal-parasympathetic vasodilatation in the forehead microvasculature (Drummond, 1992 (Drummond, , 1995a (Drummond, , 1995b Lambert et al., 1984) . To investigate whether parasympathetic nerves also regulate rhythmic waves of dilatation and constriction in these vessels (Perlitz et al., 2004a (Perlitz et al., , 2004b , forehead blood flow was monitored in participants with a facial nerve lesion during relaxation, respiratory biofeedback and while they watched a sad documentary (Drummond and O'Brien, 2011) . Both before and during relaxation and the sad documentary, a psychomotor rhythm at 0.15 Hz was more prominent in vascular waveforms on the denervated than intact side of the forehead. Thus, parasympathetic activity in the facial nerve apparently disrupted the psychomotor rhythm in the forehead microvasculature.
However, one difficulty with the interpretation of these findings is that parasympathetic vasomotor activity may not have been sufficient to evoke the 0.15 Hz waveform. To investigate this possibility in the present study, forehead blood flow was monitored in the same participants during conjunctival irritation with Schirmer's strips and during paced breathing at 0.15 Hz. It was hypothesized that conjunctival irritation would induce increases in blood flow on the intact side of the forehead, mediated by reflex activation of parasympathetic vasodilator fibres in the facial nerve (Drummond, 1992 (Drummond, , 1995a (Drummond, , 1995b . If rhythmic excitation of parasympathetic neurons induce vascular waves at 0.15 Hz (Perlitz et al., 2004a (Perlitz et al., , 2004b , the waves might strengthen on the intact side of the forehead during trigeminal-parasympathetic vasodilatation.
It was also hypothesized that synchronization between respiratory and cardiovascular rhythms would enhance vascular waves in forehead vessels during Drummond 4 paced breathing at 0.15 Hz. If parasympathetic vasodilator fibres in the facial nerve mediate this waveform, the 0.15 Hz rhythm should be more prominent in vessels on the intact than denervated side of the forehead in patients with a facial nerve lesion.
Methods

Participants
The sample consisted of six women and one man aged between 54 and 78 years with loss of muscle tone on one side of the face after the removal of an acoustic neuroma 3-35 years previously. Each participant had taken part in an initial study one to two years earlier (Drummond and O'Brien, 2011) . In each case Schirmer's strips no longer induced tears in the ipsilateral eye, consistent with a lesion to the parasympathetic component of the facial nerve. However, three of the patients had noticed some return of lacrimation in the affected eye (one during hot weather, and two when they cried or ate spicy food). (Bernardi et al., 1996; Sleight et al., 1995; Stauss et al., 1998; Soderstrom et al., 2003) .
As variance in mean blood flow was greater on the intact than denervated side of the forehead during Schirmer's test, differences in flow between the two sides were investigated with Wilcoxon's matched-pairs signed-ranks test (SPSS Version 17, SPSS Inc., Chicago, Illinois). Preliminary analyses indicated that variance of normalized power was similar within the measured frequency bands for each side of the forehead. Therefore, frequency and power spectra were investigated in Side (Table 1 ). In addition, power spectra around 0.15 Hz increased during paced breathing [main effect for Time, F(1,6) = 7.12, p < 0.05], primarily in vessels on the denervated side of the forehead (Table 1) .
Drummond 7 Discussion
On the basis of experiments in animal models and humans, Perlitz et al. (2004a Perlitz et al. ( , 2004b ) attributed a distinctive 0.15 Hz rhythm of blood flow through forehead vessels to a source in the brainstem that relayed periodic bursts of activity through parasympathetic vasomotor fibres distributed with the facial nerve to blood vessels in the forehead. To explore this possibility, we previously investigated whether a facial nerve lesion interrupted vascular rhythms in the forehead microvasculature (Drummond and O'Brien, 2011) . Unexpectedly, the 0.15 Hz rhythm was more prominent on the denervated than intact side of the forehead during some of the procedures employed in this study. Thus, to clarify the contribution of parasympathetic vasodilator fibres to the 0.15 Hz rhythm in the forehead microvasculature, the effects of a facial nerve lesion on vascular responses to conjunctival irritation and to paced breathing at 0.15 Hz were investigated in the present study. Again, however, no evidence was found that parasympathetic vasomotor fibres mediate the 0.15 Hz rhythm in forehead microvessels.
Schirmer's test is used to determine whether the secretory glands of the eye produce enough tears to keep the eye moist. The procedure involves inserting thin strips of filter paper into the conjunctival sac to absorb basal tear secretion and tears produced in response to conjunctival irritation (a trigeminal-parasympathetic reflex).
In the present study, blood flow increased only on the intact side of the forehead when the paper strips were inserted and removed (i.e., during periods of maximal conjunctival irritation). Thus, the vasodilator response apparently was mediated by parasympathetic fibres in the facial nerve that formed the efferent limb of a trigeminal-lacrimal reflex. These parasympathetic fibres also trigger vasodilatation in forehead vessels to ocular irritation with soapy water (Drummond, 1992) and to Drummond 8 nociceptive stimulation of other sensitive facial tissues (Drummond, 1995a (Drummond, , 1995b .
The probable role of this reflex is to ensure sufficient blood flow to the lacrimal glands to meet production requirements for tears. Increased flow was accompanied by an increase in the frequency of the dominant vascular waveform on the intact side of the forehead. Although activation of parasympathetic vasodilator fibres in the facial nerve may result in slow-wave changes in the forehead microvasculature, this did not produce the 0.15 Hz waveform anticipated by Perlitz et al. (2004a Perlitz et al. ( , 2004b or others (Silverman et al., 2001; Silverman and Stout, 2002) .
Cardiovascular and respiratory rhythms often synchronize at breathing rates of 0.15 Hz or below, particularly during activities such as reading poetry or meditation (Cysarz et al., 2004; Wu and Lo, 2010) . Moreover, Perlitz et al. (2004a) reported that an independent 0.15 Hz rhythm in forehead blood flow emerged during deep relaxation. To maximize respiratory influences on the 0.15 Hz rhythm in the present study, participants breathed at a controlled rate of 0.15 Hz. An increase in the power spectra for vascular waveforms around 0.15 Hz was particularly noticeable on the denervated side of the forehead during paced breathing, thus substantiating similar observations during autogenic relaxation and while watching a sad documentary (Drummond and O'Brien, 2011) . Hence, parasympathetic discharge in the facial nerve could obscure rather than mediate cardiovascular-respiratory phase-coupling under certain conditions.
As several of the participants were elderly, an age-related decline in autonomic reflexes (Holowatz and Kenney, 2010 ) may have hindered variation in blood flow through forehead vessels. Despite this potential limitation, both conjunctival irritation and paced breathing clearly influenced vascular activity. Although Schirmer's strips no longer induced tears in the affected eye, three of the Drummond 9 seven patients had noticed some return of lacrimation under certain conditions (one in warm weather, and two when they ate spicy foods or cried). Nevertheless, vascular responses to Schirmer's strips and during paced breathing did not differ noticeably between these patients and others without signs of partial reinnervation.
In conclusion, the findings suggest that reflex parasympathetic discharge in the facial nerve triggers vasodilatation and accelerates rhythmic waves of flow in the forehead microvasculature. The parasympathetic influence on vascular oscillations could mask a 0.15 Hz wave that develops during various forms of relaxation (Drummond and O'Brien, 2011) . Table 1 Vascular waveforms on each side of the forehead before and during Schirmer's test and paced breathing at 0.15 Hz in seven patients with a facial nerve lesion Mean ± S.E. 
